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BEAM:
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Basic Envisat/ERS ATSR and MERIS Toolbox

- user friendly tool for the exploitation of (primarily) optical
data

- developed in the frame of an OSSD project
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- free distribution under GNU public license (incl. source code)
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Band arithmetic. .. \
Map Projection...

Orthorectification...

Data Flip...

Collocation... >
Attach Pixel Geo-Coding...

Detach Pixel Geo-Coding...
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Create Filtered Band...

SST Processor ((AJATSR)...

Cloud Probability Processor {(MERIS). ..
Case-2 Reqgional Processor {(MERIS) ...
FLH/MCI Processor...

Radiance-To-Reflectance Processor (MERIS)....

Mosaic Processar....

Level-3 Binning

NDVI Processor (MERIS)...

Yegetation Processors (MERIS)

Smile Correction Processor {(MERIS). ..
SMAC Processor {(MERIS/{A)ATSR)...
FUB/wWeW WATER Processor (MERIS)...
CHRIS/PROBA Tools

FAPAR Processor ...

ICOL Processor...

Spectral Unmixing...
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Scientific data processors for
specific applications
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» 12 000 downloads

* VISAT users
- Open, browse, visualise, analyse EO data
- Export data to other formats (HDF5, HDF-EOS, GeoTIFF, DIMAP
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» Data processor users
- Assess performance of new methods and algorithms
- Generate new products not available from the Ground Segment
- Integrate BEAM processors into operational processing chains
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* Developers
- Use BEAM libraries for their own developments
- Contribute to BEAM open-source development

BEAM is an open source Java platform for the
development of remote sensing applications

* Java™ API (Programmer’s guide)

 User support: Plug-Ins, Issue tracker, Community Wiki,
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ENVISAT,

Envisat: MERIS, AATSR, ASAR

ERS: ATSR, SAR

* Terra & Aqua: MODIS (OBPG Level-2)
* Nimbus7: CZCS

« ADEOS: OCTS

 ALOS: AVNIR2, PRISM

 Metop & NOAA: AVHRR/3

« Landsat: Thematic Mapper

* Proba: CHRIS

e SMOS: MIRAS (Microwave Imaging Radiometer using Aperture Synthesis)
* Sentinel-3 (OLCI, SLST)

Eur opean Space Aqe"‘y MERIS US Workshop, Silver Springs, 14t July 2008
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A BEAM Downloads -
Fie 032 Vs Fawrim Tooh Wb
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Address je) http ://envisat.esa.int/beam

~@Sa BEAM

Free download

Microsolt Intermet Explorer

BEAM Downloads

» HOMQ

. NQH:

» Downloads

MY BEAM 4 Devnloads (from 20.04,2007)

. 2’-’3 "ns B 20N 4.0 for Wndows (cumently instaler doesnt whet oo ista) Download {oxe) SiNB
’ ..n:n.:o [l?.a_ A Version 4.0 for L Downdoad { bin) g0 NE
» Dotumantation - fg - { hin) 7
» TUtONals km Verson 4.0 for Solans \ Va rious platforms Downdoad { ban) g Ne
» Scroonzhots \ Verson 4.0 for Mas O5 X
Wl Dé sradabie f OS5 Looorts 1258 6
> Wi Verton 4.0 for Javs PR ua
» FADQ For &y OS5 with 4 258 6 =5 nstaled J COWIoaa ( Jar) 23 Ne
s Issues £ Verson 4.0.1 a5 source code dstnbution } Source code (Java) Download { 2p) 1S ME
» Re3ame
s Known 1ssues VEOOUS BLAN Piug-1 web Page <1 Mh
s Lcense W TASSE 20 OEN - 3 Composte DEM At 30 3¢ 500 rasiuion (in courtasy of Marc Bouvet of ESAN SRIN)
Downioad { 29) JOO MB
Node Sha! the format of Shis DEN is mot compatibée with ehe one reQured &y e AMORGOS do
Envisat Sampie Data Procducts Web Page  up to 400 M3
K Former BEAM Releases
n] Verson 3.7 - from 02 02 2007 \ Web Page 30-100 M3
Verson 3.6 - from 04 .07 2006 wWeb Pace %90-100 M2
BROCKMANN ML e i e
Verszon 3.5 - from 14.02 2006 Web Page 7 NB
Consulr Version 3 4 - from 07,10 200% » F I Web Page 57 N8
e s ormer releases il -
Verson 3.3 - from 06 086 2005 g >
Veeszon 3.2 - from 18 .03 .200% Web Page 40 M@
Verson 3.1 - fom 01,12 2004 ) Web Page 40 MR
Veeson 3.0 - fom 01,12.2004 Web Page 40 NB
Verson 2.3 - Fom 25046 2004 Web Page 40 ND
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Access to Data Products

& Module Manager...
Check for New Release...

@ about VISAT CtrH-alt+a
B BEAM Help

}
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I Garwr sl
hrodcton
Cebreers VISAT Application Overview
Dots Sourom
Relsted Lees VISAT 12 BEAM's veoudiization, analysing and processng apokcaton, It comes with a dear and rRufive user
BEAM UM Format nterface alowing New users to get started guchkdy
ENVISAT Praduts
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The Jcorwert’ Tool VISAT lat's you switch Detween & procat browiaer crovdng overview over mutiple cpen products withn & tree
= VISAT new and § comprehenisve Dol rAormation vew to displyy POty cal vams, interpolated De-Dorts And Guakty

+
3

X

. AGs & the Larme Ume
5 T Took
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K" Data Processons

The Tou Windoss of VISAT provide 20084s 1O 100ls, as the name sarvs. These windows can be fcatng, dotked or
tabbed. Ths docking concegt allows a bdy work space and you can arrange al tool wndows as you e it A
chandes you apply to the layout wil bo saved for the Naxt start of VISAT.

Phrodacton
D e : Note: The open command iS5 Used o open any product fromat wihch 15 supported by BEAM, the save command
i Level 3 Birving Processor stores data products in the BEAM-DIMAP format. You can aiso import any cata product by using the correspanding
71 T FUPACE Pracesson mport-command in the file meny which aliows to ooen & subset of 5 dats product, For & ket of supported ENVISAT
#1 T ot Prakablicy Processor products plesse refer to the ENVISAT Product Taties.
o TN Badwe-To Rl e Processor

+ TN MERIS NDVT Procsssor

5 OF" Snde Comaction Processcr

5 T M Processor Anew Mage vigw 15 SMgly Created by doubie-cahong 0n a tie-pore gnd or speltral/Qecehysicad band. You can

4] €2 Lavel 3 Mosac Processce 00N &5 Much IMAges &5 yOur COMPULer's RAM Jllows. After you have 0pened an N0 YaW YOU CaN NEDe the
‘appred Command Lre Tool MaQes with the Havgation WiIndow

Main tool bar Image view
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! Access to Data Products

& Module Mansaer .,
Check for New Release...

@ aAbout VISAT

»

CtrHaAlt+a

| X a

Data Sources

+
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This page gives a brief description of access to the data products supported by the reader modules provided in the standard installation of BEAM,

3/

Data Sources Overview

Instrument Platform Format Links N
1 MERIS Envisat Envisat N1 Rolling archive Kiruna: https://oa-ks.eo.esa.int/ra 4
Rolling archive ESRIN: https://oa-es.e0.esa.int/ra/ ~—
Envisat Web File Server: http://ewfs-ks.eo.esa.int/ ./’
MERCI: http://merci-srv.eo.esa.int/merci/welcome.do
EOLI-SA catalogue and ordering tool: http://ecli.esa.int/geteolisafindex.html /‘\‘
MERIS Binned Level-3  Envisat netCDF Level 3: http://envisat.esa.int/level3/meris/ o
2 | AATSR Envisat Envisat N1 Rolling archive Kiruna: https://oa-ks.eo.esa.int/ra x
Rolling archive ESRIN: https://oa-es.eo.esa.int/ra/
Envisat Web File Server: http://ewfs-ks.eo.esa.int/ ‘
EOLI-SA catalogue and ordering tool: http://eoli.esa.int/geteolisafindex.html -t

MERC data centre: http://www.neodc.rl.ac.uk/cai-infrastructure/data browser/data browser/neodc/aatsr multimission ‘
3 ASAR Envisat Envisat N1 Rolling archive Kiruna: https://oa-ks.eo.esa.int/ra

Rolling archive ESRIN: https://oa-es.eo.esa.int/ra/

Envisat Web File Server: http://ewfs-ks.eo.esa.int/

Rolling archive Matera: https://oa-ip.eo.esa.int/ra

EOLI-SA catalogue and ordering tool: http://ecli.esa.int/geteolisa/index.html

4  ATSR ERS ERS EOLI-SA catalogue and ordering tool: http://eoli.esa.int/geteolisafindex.html
MERC data centre: http://www.neodc.rl.ac.uk/cai-infrastructure/data browser/data browser/neodc/aatsr multimission
5  ATSR ERS Envisat N1 These data will become available through a MERCI system in "specify a date". Contact EOHELP at echelp@esa.int.
6  SAR ERS Envisat N1 These data will become available soon. Contact EOHELP echelp@esa.int,
7 Chris Proba HDF4 EOLI-SA catalogue: http://eoli.esa.int/geteoclisafindex.html
ESA on-line archive: https://oa-es.eo.esa.int/ra/
g  AVNIR-2 ALOS CEOS EOLI-SA catalogue and ordering tool: http://ecli.esa.int/geteolisafindex.html
9  PRISM ALOS CEOS EOLI-SA catalogue and ordering tool: http://ecli.esa.int/getenlisa/index.html
10 MODIS Aqua, Terra HDF MODIS data will be made available from ESRIN through a MERCI system. Please contact echelp@esa.int.

Ocean data: http://oceancolor.gsfc.nasa.qov/cqi/browse.pl?sen=am

Land data: http://edcdaac.usgs.qov/datapool/datapool.asp
11 AVHRR/3 NOAA-KLM  NOAA METOP NOAA http://www.class.noaa.gov/

METOP: http://www.eumetsat.int/Home/Main/Access to Data/Metop amp MOAA Services/index.htm?l=en
12 TM Thematic Mapper  Landsat s Fast Format = EOLI-SA catalogue: http://eoli.esa.int/geteclisafindex.html {downloading functionality)

Eurimage: http://www.eurimage.com/einet/choose.html
13 GETASSE DEM N/A http://www .brockmann-consult.de/beam/downloads.html

Data Access Details and Distribution Policy

Instrument How to get data

1 JMERIS Data Access

MERIS data can be obtained by several means:

W - - . ¢ - download of L1b and L2 RR data of the last 7 days from the rolling archive/EWFS
? —) P Mool 30 ¢ - download of L1b and L2 RR data from 2002 until current from the Merci catalogue {(one year of data missing)
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Module Manager ...

Check for New Release...

About VISAT

ChrH-Alt+a

BEAM is composed of
exchangeable modules

(Plug-ins)

Module manager used to:

- inspect installed modules

- install new modules

- update modules

- uninstall modules

+* o y -

Module Manaeger
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&\;\é esa A typlcal BEAM use case ENVISAT

 Algal bloom (spring bloom 2008) in the North Sea shall be studied
A MERIS and a MODIS product are available of this day

* A ship was at sea taking measurements

* Tools for analysing the bloom:
— Map Projection Tool for co-locating MERIS and MODIS product
— Colour palette tool for enhanced visual interpretation
— Importing coordinates and display pixel values along the track
— ROI manager for investigation of dedicated areas

— PIN manager for investigating pixels at measurement stations

Evropean Space Agency MERIS US Workshop, Silver Springs, 14t July 2008 -
Agence spatiale européenne P pring d Li ving Planet
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CARING FOR THE EARTH

Evropean Space Agency MERIS US Workshop, Silver Springs, 14t July 2008 o
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CARING FOR THE EARTH

YN ] o |
] ~
19
« punlic aouie() perform(doubie teta sua deg,
41 —
4 o v X"
%
44 7 Setarwire an_treesn ol W il ﬂww. - et ‘ Jow FRer Cotogery: E '-'l
45 double owt_thresh 2
$io  ger G e o FNHWL__MM
47 I aouble Izeing
“® 9 AL (imming < oY
&0 cut_thresh
w )
s1 |} )
s z AT T T See. 112
3 ] [ Sezt Alw aganet lowest or @l‘s‘"—’&i‘-”"' g PHIS
:; @'.::‘.: ‘;:_" _"":; (RIS L3 Prochact Paader 1. fhe b
1 S e ————
.13 double() Flv cot = e NOVE Soaceescs LU0 Parameters | Processng Perometers
7 ;r' for (int 8 = 0: & !
55 = AL (Flwf:) < ¢ ~
"9 Fiv_cwtfs]) ﬁﬂuﬁlﬁ 1.1 [
&) ) else ( - 40 ( e st sansdaoekink b o “ t-t 1
= My ew (i) w" 180 Mwwwuammnmzwmw aw S weters 7_'@
62 i -~
o ! ) $odds Mormation }:Nuummhumc—unmm F
64 ! 3
(3.3 7* prepove Toe watir rat */ :
65 aoble() vater Inueq a1y
67 vaterinretf ) = teq ;M fwoter_ret _JOO00S0T OO A5 4 ret
e usterinmec ) = terd Nomodue selected. M‘:-h;%m%lz“m N
g A “‘Q:’"l:'*‘l ) = ax :Mﬁm - Lo et 2000082118 _S18.1 netPolifelt
T, - ] !
ava source fie , ':m
: ;mnm-'aummup
s
)
peformSadeComaction = trus
r
Lot -
| ¥
European Space Agenc : . h fhe
pean Jpace Agency MERIS US Workshop, Silver Springs, 14t July 2008 l'vm Pl net
Agence spatiale evropéenne ]



A . (0
&\é 2sSa Case 2 Regional Processor EN!? SAT

—

\\

* Algorithm developed by R. Doerffer, GKSS Institute for Coastal Research, Germany
*Implemented as BEAM Processor by Brockmann Consult, Germany

*Processing of MERIS L1b data
* Adapted to coastal and inland waters (lakes in Spain, Finnland, Germany)
*Based on neural network inversion of bi-directional radiance reflectances

* Atmospheric correction procedure generates:
— Water leaving radiance reflectances (12 bands)
— Path radiance reflectances
— Transmittance
— Aerosol optical thickness

*Water retrieval procedure generates:

— [OPs: total absorption & scattering } Concentrations of CHL & TSM dry weight

— Absorption of CHL and YS
— Downwelling irradiance attenuation koefficient k
— 790 signal depth
N
B
Evropean Space Agency the
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Case2 Regional Processor
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O Tau_aerosol 412, 550, 778, 865
© Sun_gdlint ratio

o O a_tot, b_tot
sun zenith ©

X 12 MERIS bands
y
z Trans tosa-surface trans_Ed

Path radiance reflectance RL_path

RLw
errcode

RLw(8,0) =Lw (8,0) /Ed

.................................................................................................................................................

Atmospheric correction

Neural networks trained
with simulated spectra
(Monte Carlo/Hydrolight)

Water retrieval

r, r’ —log of reflectances
¢ — log of concentrations
g— geometry information
q — quality indicator

H. Schiller and R. Doerffer,
Improved Determination of Coastal Water Constituent g
Concentrations from MERIS Data.

IEEE transactions on geoscience and remote sensing,
vol 43, pp. 1585-1591, 2005

Evropean Space Agency
Agence spatiale européenne
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MERIS Radiance Reflectance along transect

RL [sr-1]

Evropean Space Agency
Agence spatiale evropéenne

Top of atmosphere
Top of standard atmosphere (1013 hPa, 350 DU)

\

~ f_toa

— rl_tosa

— r_path
Path radiance

NN -

Water leaving
.~ radiance
N / reflectance

longitude

MERIS US Workshop, Silver Springs, 14t July 2008
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Water leaving radiance Path radiance reflectance
reflectance RLw RGB 560 nm
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Evropean Space Agency MERIS US Workshop, Silver Springs, 14t July 2008 "
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esa RLw measurement with Trios spectrometer

2003001708542 UTC

Trios spectrometer for measuring water surface radiance (RLs) and sky radiance (Lsky)
A further spectrometer measures downwelling irradiance, Ed.

Water leaving radiance reflectance is computed :
RLw = (RLs-Lsky*FR)/Ed  (FR: Fresnel reflectance 0.025)

Evropean Space Agency (ID

" J MERIS US Workshop, Silver Springs, 14t July 2008
Agence spatiale européenne Li V"lg Planet
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Comparison RLw ship (Trios) — C2R Algorithm

443 nm

665 nm

Evropean Space Agency
Agence spatiale evropéenne

708 nm
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MERIS US Workshop, Silver Springs, 14t July 2008
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Transect Cuxhaven — Helgoland (North Sea)

with sample stations

Evropean Space Agency MERIS US Workshop, Silver Springs, 14t July 2008 -
Agence spatiale européenne P pring d Li ving Planet
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Comparison MERIS C2R — water samples

Evropean Space Agency
Agence spatiale européenne
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« BEAM is very well received by users
— free SW - rich functionality - easy to use - openness - good user support
« BEAM provides basis technology for EO data processing services

e General purpose Core API used for other toolboxes e.g. NEST (ASAR,
Radarsat, TerraSAR-X), = Sentinels

* BEAM used in multiple open source applications, e.g.

— UNESCO training software, various scientific processors, operational

applications (e.g. Marcoast, G-POD)
* ESA driving the development (in response to user needs)

* Further BEAM extensions in preparation

2
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European Space Agency MERIS US Workshop, Silver Springs, 14th July 2008
Agence spatiale européenne P pring d Li vmg Planet
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Sweden

MERIS FR TOA RL RGB
June 6, 2008
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MERIS 20050901 Chlorophyll
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Water leaving radiance
reflectance RLw RGB




Path radiance reflectance
560 nm




